Objective: We examined whether racial differences in liver fat are associated with the differences in abdominal fat distribution or cardiorespiratory fitness (CRF).
| INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) represents a spectrum of conditions defined by abnormal triglyceride accumulation in liver. 1 Currently, NAFLD is the most common form of liver disease and is strongly linked with obesity, metabolic inflexibility, 2 insulin resistance, and type 2 diabetes in youth. 3, 4 The prevalence of NAFLD significantly differs by race and ethnicity, such that white children and adolescents have 2.7 times greater risk of NAFLD than their black peers based on studies using liver histology. 5 Similarly, using a non-invasive magnetic resonance imaging (MRI) obese white adolescents are reported to have substantially higher liver fat content (17.5%) compared with undetectable liver fat in obese black adolescents despite having similar total body fat. 6 Given that black obese adolescents have greater diabetogenic risk profiles (eg, lower insulin sensitivity and hyperinsulinemia) than their white peers, 7, 8 it is unclear why black adolescents are less prone to NAFLD than their white peers.
Although the pathogenesis of pediatric NAFLD remains unclear, visceral adiposity is suggested to be an important culprit for increased liver fat in youth. 9, 10 We 11,12 and others 6, 13 demonstrated that black youth have significantly lower levels of visceral fat than their white peers despite similar degree of total adiposity. Although it has been speculated that the lower visceral adiposity in black youth may play a protective role against fatty liver compared with their white peers, 6 no studies have directly examined the potential contributing factors that may explain the racial disparities in NAFLD in youth. Therefore, we examined whether racial differences in liver fat in obese black vs white adolescents are attributed to differences in total and regional body fat distribution, including visceral fat, or cardiorespiratory fitness (CRF). (ASAT) at L4L5 were quantified using MRI (Siemens, Tim Trio, Erlangen, Germany).
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Liver fat was measured using 1 H-MRS with a 3T MRI system (Siemens, Tim Trio, Erlangen, Germany) using a body matrix coil and a spine matrix using our established protocol. 10 Fatty liver was defined as having liver fat ([methylene lipid peak/methylene lipid peak +
water peak] × 100) ≥5% as shown previously. 15 A fasting blood sample was obtained after an overnight fast (minimum 8 hours) to analyze liver enzymes (alanine aminotransferase [ALT] and aspartate aminotransferase [AST]). ALT and AST were not measured in 1 black boy whose liver fat was <5%. CRF was measured using a maximal graded treadmill test with the use of standard open-circuit spirometry techniques until volitional fatigue using our standard protocol. 10 Data are presented as means AE SD. Racial differences in participant characteristics were assessed using independent t tests and chisquare tests. The associations between liver fat and anthropometric, body composition, and CRF measures were examined with partial correlations adjusting for age and race. General linear modeling with least squared adjusted means was used to examine racial differences in liver fat adjusting for age and anthropometric, body composition, or CRF measures. Independent associations with liver fat were determined with a second model with age, race, total fat, total FFM, visceral fat, ASAT, and CRF. Logistic regression was used to assess the simple and independent associations between fatty liver and the body composition factors and CRF adjusting for age and race. Statistical analyses were performed using SAS v9.3 (Cary, North Carolina)
with significance set at alpha ≤.05.
| RESULTS
In blacks, 5 of 31 boys had liver fat ≥5% with 3 of 5 boys with fatty liver also having an AST/ALT ratio <1. In whites, 8 of 26 boys had liver fat ≥5% with all 8 having an AST/ALT ratio <1. White boys with fatty liver had a significantly higher BMI, waist circumference, and visceral fat than white boys without fatty liver (P < .05), while black boys had no significant differences in body composition (Table 1) . White and black boys with fatty liver had higher ALT (P < .05), but only white boys had significant differences in AST/ALT ratio (P = .007).
Liver fat was associated (P ≤ .05) with BMI percentile (r = 0.28), total fat (r = 0.31), waist circumference (r = 0.38), visceral fat (r = 0.62), ASAT (r = 0.30), and CRF (r = −0.27) adjusting for age and race. White boys had greater liver fat than black boys with adjustment for age and differences in BMI percentile or CRF (Figure 1 ), but not with waist circumference, ASAT, or visceral fat (P > .05).
The independent associations of total and abdominal fat and CRF to fatty liver are shown in Table 2 . There were no racial differences in the odds of having fatty liver after adjusting for age and the body composition factors. Only waist circumference and visceral fat were associated with higher odds of fatty liver (P < .05). In a model with age, ethnicity, total body fat, total FFM, visceral fat, ASAT, and CRF, only visceral fat was independently associated with increased odds of having fatty liver (OR = 1.12; 95% CI: 1.04-1.21; P = .003).
| DISCUSSION
This study demonstrated that visceral fat is significantly associated with liver fat and the odds of fatty liver in both obese black and white adolescent boys, and that the racial differences in liver fat were abolished after adjusting for the differences in the amount of visceral fat. These findings suggest that the racial differences in the level of visceral fat explains, in part, the observed differences in liver fat content between obese black vs white boys.
In this study, adjusting for differences in BMI percentile and CRF failed to eliminate racial differences in liver fat between black vs white boys. Our findings are similar to the findings in adults 16 where racial differences in liver fat measured using 1 H-MRS between large samples of African-American, Caucasian, and Hispanic adults were completely eliminated after adjusting for the differences in visceral fat, but not after adjusting for total fat and ASAT. Together, these observations may suggest that the same mechanisms that protect black youth from visceral fat accumulation may also protect them from liver fat accumulation despite having similar overall total body fat as compared with their white peers.
It has been suggested that the prevalence of a variant gene PNPLA3 expressed in liver is strongly associated with increasing liver fat and may also explain the observed racial differences in NAFLD in both adult 17 and pediatric 18 populations. Indeed, Santoro et al. Strengths and limitations of this study warrant mention. First, although girls were present in the original studies, we were unable to include them because fatty liver was not present in our 63 obese black girls. Furthermore, as this is a cross-sectional study we cannot infer causality and are unsure of the pathogenesis of NAFLD in relation with the development of visceral obesity. Finally, diet and physical activity have been shown to influence fatty liver, but as our sample was asked to keep a eucaloric normal fat diet (30%) and was sedentary at measurement, it is less likely that these factors influenced the observations here.
In conclusion, visceral fat is associated with an increased propensity to non-alcoholic fatty liver independent of race, and the racial disparities in liver fat between obese black vs white obese are explained, in part, by the differences in visceral fat. All models were adjusted for age. Fatty liver is defined as having liver fat ≥5% using 1 H-MRS. Abbreviations: ASAT, abdominal subcutaneous adipose tissue; BMI, body mass index; CRF, cardiorespiratory fitness; FFM, fat-free mass.
